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2 .  CONTROL PLAN FOR MASS FROPERTIES 

2. i INTRODUCTION 

--- This documem establishes 7- system for support of NASAiM,cC 1 -  - -  
the managemeri+, of mass p r e - t i e s  during procurement and the utilization 

of the Apollo Spacecraft. 
ayetematized, verifii..ble and controllable mass properties of the space- 

craft systems, to €acilitate rapid establishment and reportixig of inputs for 

the aeight/performance relationship, to exercise ?lass properties coDtrol, 

a d  to develop trend analyses from the reported systems. 

It is aesigned to permit the acquisition of 

-- Mass Properties a re  defined as system parameters of weight, - 
three-axis centers of gravity, moments of inertia, prducts  of inertia 
for principal axis angles) and mass distribution whose values are required 

- 
to pegcorrp trajectory analysis, establish performance capabiiity, per- 

aualit ie 8. 

Critical Mass Pa rarneters a re  these particular m a s s  properties 

values or, overa!l system characteristics which a re  decisivety con- 

strained or exceeded by limiting conditions s.€ the overall system de- 

sign and operaticg characteristics. 

Critical Performance Weights are  those critical mass parameter 5 

corresponding to system conditSuns whgse weights are decisive in their 

influence on overall system capability for the desired fiigh: trajectory. 

2 . 3  PROGRAM OBJEC'E V F  

The program -objective is to guarantee, through evaluation e: 
proposed designs. a mihimam weight spacecraft that still retains 
rehabiliiy, s t  ~ctural  &Perit)-, and maximurn equipment capacity by: 

-_1-_-_ __ ._ --- - ---__ 
..I_-- -__ . 

. -.e-- - .---_ 

netermination ~f tread relstionships between current mass 
properties and speeiiications (base data). 

o Control of valid m a s s  properties ,Ad_--______ ararneters that are ___- 
cZ5traineh by the iimiti-qiaesiga con itions of _e_h_g-stem, 
or which h a ~ ~  critical- influence onthe sygtpm-p.er~~rmance 
capability. - .  

-_ 

-- 
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2 . 3  NASA REQl'lREMENTS UPON PERFORMING CONTSACTQRS 
(NAA AND GAEC) 

2.3.1 Organization (Part of Reference A - Paragraph 2. I )  

Each cantractx sbaI1 submit to ine procuring activity an organiza- 

tion chart and descriptive material identifying the maas properties control 

personntir their responsibilities, and their relationship to other elements 

of the co~ t rac to r s  organimtion. 
of key peroonntl axd the percentage of their time devoted to the subject 

NASA contract. 

T S s  chart shall also inclirde the riame:. 

This  information wil l  be for NASA internal use only. 

2.3.2 Control 

L 3 . 2 . 1  m- 
To arstote -3ective pl-g:, optimization, axid control ol -%ass 

properties, each cantractor shall develop and maintain a mass propertie0 

control system. The - contractor &all employ crpblc personuel that bave 

both the responsibility and the authority to effectively atudy, analyze, 

document. report. and control .?nats8 prope.rties_ in general accordance 

with Reference A PI defiaed a d  implemented by NASA/MSC per Refer- 
ernes B.-G a d  D. 
properties control personnel shall inchude but not be limited to *he 

_I_-- 

-- - 

- The reoponsibilitiee of &e contractor's mass 

f o l l d n g  : 

0 Mass properties a s i y s e s  skdl be performed fcr a11 
alternate design coafigaratisns included in optimization 
studies. The results of thcse analyses shall be docu- 
rneEted and r e p r t e d  to the procuring activity. 

Asnistance shaL be xovided by the contractor's mass ' 
properties control gersomel ia the esthblishment of 
specification weights. 
become aa item on the ap-czact. 

The contractor shall be responsible for the adequacy of 
mass properties data developed by subcontractors and 
vendn .'s where applicable, a rnass properties section 
shal? b2 prepared and incorporated into each procurement 
specification issued by contractor for use by subcontractors 
or vendors. This section ehall establish wei ht, centers 
0% gsavi 
pruc <*The m a s s  prope rGcon t ro1  + i ~ o z ~ r i -  
establish r.ass properties control ab5 reporting require- 
ments for subcontractors and vendora ccrr.parable t o  and 
compatible with the requirements of this docliment. 
properties data from subcontractors and vetdors shall be 
made available to the ASP0 when requested. 

0 

Thc specification weights shall --- 
---_ - --- -- 

0 

and inertia rec@renuents for the iiem 5 .6)Xg----  

,"/lass 
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e Measuring programs for the determination of the actual 
weight of comnonents shall be established. The measured ---__ " 
data shall replace the calculated data in mass properties 

. remrts  as the fabrication cycle progresse3. m r e a s e s  
--- --__ 

in the pqrcentage of zctual measure2 data reported will  
indicate prc'gress and serve a s  a check for the calculated 
data. 

e The actuzl mass properties of the spacecraft hall be 
measured to suostantiate estimated and cafcu, Sed mas? 
properties data and prop+ant loading requirements. 
The contractor shall de\ op procedures, methods, and  ̂
necessary equipment to perform the actual physical 
measurements of mass properties for each location at which 
measurements wi!l be made. A written explanation and 
verification of me,asuring methods and procedures for each 
installation of measuring equipment ahall be submitted to the 
ASP0 for apprcval at least ninety (90)  day& prior to the 
first major measurement to be performed at drat location. 
Each w-itten explanation shall include the foGowlng: 

Measurements to be performed 

Measurement objectives, including accuracy and 
precisim requirements 

Desciiption of equipment, instrumentation, a d  
physical setup 

Diagrams of measuring wuipment and related fixhzres 
showing pertinent dimensions and reference datums 

Measurement procedures 

Equipment calibration procedurec intludiEg schedule, 
responsible group, and locaticn of the calibration 
faci3ities. (Initial schedule ta require calibration 
prior tc  each use. Subsequent increase of period between 
calibrations to be based 011 statistical data. 3 

Analysis of overall accuracy to be achieved 

An analysis of the instrumentation and data reduction 
metbods to verify the anticipated accuracy 

Schedule, including ecpipment availability data and 
anticipated test start and completion dates 

All  alignment tolerances for fixtures. Such tolerances 
when set  shall not be increased by operation personnel. 

The contractor shall notify the procuring activity of the time 
and place of all major measurements at least seven (7) Jays 
in advance in order -I__-.-. that an ASPU repPesentlafrv~-may~~----  - -  
present. At the time of any major rntarsurern-&Z--TlG------- -L _I____ - -  -- 

.c-..̂ --- 

-- --- 
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spacecraft o r  component shall be in the dry condition _(less 

pzct ical ,  and shall be at least 9 y n b y  
. .  T R  usable OT residual liquids an, I =  

&eight excluding hazardous ordnanke items and design 
components not normally installed at the time or lor ation 
s t  which ?he measurcmeut is  to be made. 

The field support plan shall assure that records of the 
weight, centers of gravity, ana iner t id  characteristics of the 
vehicle are maintained in a current status and reported in 
a timely manner. It shall provide far continuous Critical 

s*mulations and targeting parameters during the preflight 
phases and flight phases and be so conceived that it rnxy be 
executed by either the procuring activity or its designee. 
This plan shall be submitted to thc ASPO w i t h  sixty (60) 
days follo-;;ing implementation of the ASPO requirements 
document and s n a l l  include: 

Mass Properties Perro-mace inputs for traiectorv -_ 

A detailed description of the procedures t o  be employed 
so that the effect of changes and modificatiois on mass 
properties parameters a r e  currently and rapidly 
reflected In the data records. 

The methods aad chan5els to asenre rapid current data 
s-epozting to the responsible agency; and where required, 
to other contractors in p e r i d s  prior to and immediately 
after flight. 

A. description, and intended use of appliczble equipment 
and facllities. - 
A schedule of events from factory weighing to sysie*t* 
launch for the various weight operations, inspecti 
testa and reports. 

A stipulation of any go/no-go basedon miass p r o m u - -  
rgqu3reme3ts which a r e  to be included - -- in the coubgmn 
events . 

2.3.2.2 Monitoring - 
The mass properties data shall be continually analyzed a d  

monitored to determine trend refationskips between current mass 

properties and specification reqiairements. 

properties corttrol personnel, working with analytical and design 
personnel and considering governing criteria such as reliability, weight, 
schedule, and coat,  shall explore means bo insure that Specification 

mass properties requirements a re  met or bettered. 

The contractor's mass 
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2 . 3 . 2 . 3  Reports 

The following reports ehall be inchdtA as required design, .- awelop-- 

merit aa d p roduetion doc urn enta tion: 
.\- - 

8 
Refereme- Requirement Paragragk. Nuzlnber 

Reference A RePereace El Reference D --- Title 
_p 

1. Moathlg- Mass Proper- 2.7.4.2 41: 
ties Status Report 

2.  Actual Measurement 2 . 7 . 7  4c 
Report 

3. Predicted Preilight 2 . 7 . 5  4d 
Report 

2 .4 ,2  

2.4.3 

2.4.4 

4. Final Preflight 
Report 

- 4e 2.4.5 

5. Pre-Launch Data - 4f 2.4.6- 

6. Critical Desi% E ,  6.10 4j  

7.  Computer Cards 2 . 6 . 1 2  

-- 
or Tape 

8. Actual Weight Summary ” 

9. Mass DisLribution and .. 
Advanced Powered 
Plig‘-t Mass Properties 

10. Control b g  Data 2 . 6  I 1  

11 <, Weight and Balance - 
History Log Summary 

5rn n 

5r 

4C 

5P 

2 5.3 

2.5.16 

- 
2.5.15 

* 
Refer to Table 2 - i  for references. 
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Table 2- 1. R-ferences 

3 

s. ASPO-PEE-~~-IO, NASA/MSC. "Apilo Spacecraft Program 1 
f 

- --- 
M-3E%9#. We, "Apob Program Directive - Mass Properties 
Stardard," I JuPe i963. 

i -- a. 
I 

Office M a s s  Properties Requirements f D r  the L-uaar Excursion 

Modul '-t, I' Mated. 

ASPO-FE5-13-1 i ,  f;_S,!S.AfMSc, "Crew Systems Division Mass 

1 
i 
t C. 

Properties Reqcirarnents, " Undated. 

ASTG-PS-13-12, NASAIMSC, -tfAp&to Spacecraft Program 
M c e  Mass Propefies Regniiemes for &e Command UocWe, 
Service .?&wide, r*lunch Escape System ami Adapter." Undated. 

0. 

i 
- -  

3L ''Predictianflzdysi~ and idazngernent Dedsions; I' NASA Manazd 'I 
v 

Space FE@ Office, U~&ted.  

- 2.4 PROGRAM OPEIutTION - (TRW 
- 

The spacecraft conceptual &sign control data w i 3  be reviewed, - 
analyzed, dccume.pted and contirmaps mas@ propedes amdyees w i l l  be - 
performed. 
*e psopsr weigh$ cwsidcratioms &Ping €he design stage of the Apollo 
Spacecraft, Detail- edaat ioa  ofthe propsed design w i l l  guarantee a 
m;nimurr, weight S,'C that stiii retains ~dhbility,  structural intenriity 

and xm&rnt;m ecpipmatt capacity. Afl a\bbags%m cmpnez% --sa 

property inputs will %e checked to ensure the reasonability a d  validity 

Subsyeem w e i a t  d p e ~  prill be performed to ensure 
T 

-- 

TRW wii i  prepare and issue a CO;;~TO~ Mass Properties Require- 

ments Docunen<m tke earliest stage of task-performaace. The data con- 

Uined therein wi l l  rsclude the technical k s i s  dor derivation of component 
assembly values and serve as a baFis for data comparison and for data 
tc be included in any Mass Prcperties Specifications. 

an& .specificatiop.s (bad I 
- -- .- rr,aes properties control section, 
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The proposed means c,.f ens:l-ir,g that specaication .=ass properties 

recpirameatts are met or bettered is for  rhe mass properties controi sec- 

tion to work with analyticai personnel, S/S Managers, ASSAP and AS- 
(NASA/MSC, TRW ana Contractors) to determine optimum mass proper- 

ties w h i l e  considering go-axniry criteria suck as  reliabilit-y, weight, 
schedde and cost. 

- To assuie XASA/MSC and TRW Program Management that program 

objectives will be =el. and tke contracl requirements have been Wil led ;  

rnoitoring will be accom?lisbed, trends will be estabiis-bed acd control 

w i l l  be effected as a resuit of Monthly Tab Runs and Dz+aild Adass Proper- 

ties Reports. 

The TRW Mass Properties Sect5on wil l  conduct s e e s ,  snnlyze and -- _c 

prepare data as reqrured to de++rmine that the curremt critical mass pro-per- 
t i e s  a d  their associated tincerkicdes are valid. c o q t i b l e  with the rciss- 

ion configuration a.rd conditions, a d  are within allowable tolerakes. The 
new ma88 property- Critical Pzrazketer Responsible Ehgineer will receive 

Ie-ical direction from. a d  will directly support- tbe TRW ~ p c r ~ o  Space- 

craft Sptexn Analysis Program Office (or appoint5e). 
shall include but not be limited to, tke following: 

- - 
-- 

- 

These activities 

- 
0 Esta'di8k, adrninister.and m ~ n i t o ~  the TRW- mass proper- 

ties ccutrol-rogram to assure tul tum ent of program 
obkctives and coordinate data for and when requrred, - 
conduct subprogram meetings. 

.Coo.&inpte, review, analyze, an$ document spacecraft - I___ 
mass urc~nerties control data a =-reauireci. 
u- iM t e  used 2s a mint of departure or baseline in all 
- rewired report8 aad will  include fie technical basis for 

The values 
__ 

- derivation of control Dumber8 . 
o Coordinate, review, aealyze, and document CFE cant rd  

data. 
pr baseline in all required reports and wi l l  include the 
techicai  basis for derivation of all nur '>em. 

Tae vz2ues m i l l  be used a s  a p0iP.t of departure 

Coordinate contractors' monthly M ~ S S  properties status 
repsrts and prepare a n  integrated spacecraft x i z s s  
Properties Status Report Pox use by TRW criticak 
pararatter responsible engineers. 
be prepared in general accordatlce with Reference A - 
Paragraph 2.7.4.2.  

The report shall 



% -  coo rdimte contractors-monthly detailed mass properties 
I 

and 5th generation) and prepare 
o i  gram- ---- 

e r;i)tec - tab rims must he hand-carried io,  ace coorain=e-i%--- 
N A S  /I&= (J.  L. Bullard/C- 0. Ohlsson) each month. 

Prepare raon*&ly subsystem managers weight predicticn 
a d y s i s .  
graphid io?maad submitted to NASAi'MSC 13. L. Bullard/ 
0. 0. Ohlsson) each month. 

-  the d a k m b e  received Tram 'I- L 

Prepare mosthly rcass properties detail reports and 
prediction analyses as a basis for subsystem evaluation, 
(1. e. cogduct amlysis as required to determine t h t  the 
current critical mass properties and their associated 
rrncertaisties zre valid. compatible with the mission 
configuration and conditions, and are within allowable 
toleraacea). Theyepart will inclxue a Title Page, Table 
of Coqtents, Introductim and Tectnical Summary. 
Prdctian Analysis Graphs. Charts, [to c o m p r e  aad 
e d a t e  the current mass progerties atatus with respect 
to a l f m b k  mass properties objective). a d  Pr&,lem 
A r e a s .  

Subsystem Evaluation - Evaluate and recornmead corrective 
action if ir is determined (zeported yroblem areas) that 
a degradation in mass properties s i a t w  in refistion to thz 
objective3 exists, appears to ba rmminent ar that the 
limiting mass properties design coniitions haye bee= 
crtcroacfied npon, The correcxve actilon or reccunmendatim 
shall be coordinated with other critical parameter 
responsible engineers, technical area requmsZ.!: sngbeers 
INASP,/Contrac%ors/ TKW), A S A F  and ASPO Management. 
Evaluatian of brdware or mbsgsrern desigxz changes will  be 
under the cognizance of the Tubsystem engineer, 

Coordiaatc all subsyate ,  evaluation dstz yith reported 
predicciar analyais, evaihare ~n a system level. acd make 
recommendations to Critical Parameter-Xeview Board. 

Prepre monthly mass prcpe-dies inozrts to the Critical 
Parameters Report- The inguts will be c' status-type reDart 

8 

iccluding mzss properties major problems, curred and 
continC;ency data. itislLt5ion of critical parameters and a 
deacr=ion -- _. of mass prciperties mapgins. 

Prepare. as required, mass prriperties lnpcts to Find; 
Action rep3rt for submittal to ASPO by ASSAP Program 
Management. TDO iqxdts will 5e a status-type report 
including rraas  properties prsblun areas, im-pact oc 
prGgrani, aolutior,s, 3iscussions, and i i ~ l  
recommendatiom . 

I_ -- 
- 
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o Maintai:, cc-nstant coordi;ration with NASA!MSC iJ. L. 
Bt2'ard and Subsystem- Engineers), Contractors and 
TRW Prc-grarn Mar agement. 

s IniQrmal mass properties supplemental suppor: (technical 
analysis a5 required iT, the area5 of Shopping Lists, 
E'"ASA/MSC Responsible Erigineer, Pre-ECP's etc. 1 ~ 

2 . 4 . 1  Data tequirements - Sotirce 

5.4.1.  1 

.-e 

Properties Status Reports - Contractors - 
(Ref .rence A - Paragraph 2. i. 4 .2 )  

2.4.1.2 lfagnetic Tapes - Detail Mass ProFerties - Cantratw-s 
--I_---- ._ 

(Refeience D ~ Paragraph 2; 4.8) 

2.4.1.3 GFE C ~ n t ~ d  Data - NASA/ 4% - 
~ I 

(To be reviewed and updated by TRW) 

2.4.1.4. V a s s  Pre3erties Comrol Data - NAsAlMsC -.-- L 

c- (Tc be r,eviewed and updated by TRW). - 
2.4.  I . 5 Shopping Lists- y Ccntractors 

{ConSractor recornmendeci m a s s  prope! ties changes for-NASA/TRW 

an.-ilys is 1 

2 . 4 . 1 . 6  NPSA Ratponsible Eqiuecr IRpUt 

2 . 4 . 1 . 7  Pre-ECP's- - TRW Snecificaticn ADaivsis S v s i e a  

2 . 4 . 2  Data Validarion 

Data validaticn wil l  include :ne failawir-.g: 

The spacecraft m a s  properties control vaities wi:i be 
zooxinzted. I *XxeweZ analyzed,. and documen:edi 

T!.e GFE r -n .3~~ pr01;er:ies contra1 valses will be 
coordivLted, I cviewed, acalyzed, and documented. 

~ _ _  -. .- . -~ _. . . . .- - . . . 

____ - - - -  

The mass pyoperties conttc;; Yalues irrciuded in  the 
contractoz' status reparts, used to campaye a.nd evaluate 
the current mass prc\perties data, wiif be verified by- cross 
reference ( i .  e ., docurnentec! control values vs co.itracior 
reported control values). 

The detail mechanics of contractor reported data wi l l  be 
checked for reaonzbility. 
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0 hiorma1 input9 will -be validdated in acccrbanne with 
engineering judgment. 

2 . 4 . 3  Data Processing - 
In t i r e  interest of speed, economy and accclracy the TRW 

Mass Properties Section is develclping two electronic dab processing 

programs. 
the Monthly Detail Mass Prcperties Report, the Critical Paruneter-c 

Report a d  the Service R e p r t  to NASA. 

The noted programs a re  repcired to generate k-pts to 

Cne of the pragrams will generate a detail tabulaticrr of tke 

spzcecraft components tor which each NASA Subsystem Manager is 

responsible. 

current weight, percentage of estimated/calculated!actual weights and 
centers of gravity. Also the program gives to the sirbsystezx managers. 

modale a d  spacecraft totals. 

weight. previocs reported weight, and the differences cf the mirent 

we ie t  and these two weights will Be tabulated. 

The data Xi,pted for each component are h c t i ~ n a l  code, 

For these totals a maximum a l l m b f e  

The second program is for prediction analysis. Csing one of 
four math models (Enear, nonlinear, Fourier and logistic), the program 

w i l l  develop a weight trend for each functional tom within a Subsystem 
hbsagtr's rcsponsfiility. Then a subroutine wii l  s-am these trends to 

obtain t reds  on the subsystem maaager, module, and spacecraft levds. 

The treads will be presented in tahular and graphical form. 

The inputs for these programs will be obtained from contractor 
magnetic tapes. 

Problem areas, not a&ptable to rrachine progrzmmiag or where 

&e .-@tude of the  job does not require machine processicg, will  be 

analyzed snd documeated by the mass praperties cognizant enginezr 
or techricd support personnel. 

2.4.4 *Mass Prope r t i e s  Status Evaluation 

2.4.4.  1 Margin Analysis 

- - 

lWas s Froperties reports ('f'RW-?>repared) will include current 

m a r g i n  analyses based on current weight ?s.ta vs imaxirnwn ailowable 

w e  igh t cia t a. 
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The ef1ec.t 0: weight prediction aaalysis will  be considered in the 

derivztiog of weight msrgine. 

process which assesses f i e p a t  an~, resect faces near-time certainties, --- - I --- ~.-,-E-.- .- -Z-'..- _ _  . . _ _  . . 
and the probabilistic events of the futiire. Therefore, prediction analysis 

w i l .  pravide quantitative answers w'nic'F. attest to the existence of a 
stated cordition (e, g., weight g r o d ) ,  defizie it8 magnitude, and 

describe the effects of al terwie managmerit actions which might be 

Predictifin analysis is defined as that 
- ~ - . -  

_I_-.__~. 
-- -- 

- ~ _ _ _ - _ _  -_ _ _  - - 

I-_- 

----.-___I____ - -- _--._-_I_- 

applied in attainment af stated objectives. The methcd or" deriving _--____ 
predicated values is outlioed in the Reference E. 

-____. - 
2.4.4.3 Trentjsr 

2.4.4.2. I Bxadgeting. All m a s s  properties budgets will be incl=ded_ as . 

partof the Contrd Mass Properties Requirements Dacument or 

Specification. 

-I_-----.. -- - 

-__ 

Contrd of m s s  properties will be as aded uiyier ,Mass Properties 

Control Sectiim 2.4 - Items I throqh 13. 

2.4.5 Critical Parameter Subsystem Status Report -.- 

The TRW Mass Properties Section wiii prepare i q u t s  to the 

Monthly Critical Parameters AReport. 
report bclading m a s s  properties majm problems, current and 

contingency data, interaction of critical p a r m e t e r s  and a description 
sf rnzss properties margins. 

2.4,s. 1 Performance Data Rook 

The h p t s  wiC be a status-type 

-4 master properties dab b o k  Contrci fvlass Properties L)ocvment) 

shall be developed aad w i l l  contain informatica on requirernsnts for s ~ p -  

porting data for the critical pardmeter subsystem s t a t u s  report  for DBM 

and specific rniosicnc.. 

~ -___ ~ .-__. 

-. - __c__I.---- - - - ~ - - - .  

2.4. Q Review Board ACE~OB 

2.4 .6 .1  Deficiency Analysis 

Deficiency Aoalysis a--U be included as part of the, suhtaek 
It is reccrrmende4 that the h i t s s  natccd ir. item 3 of Section 2 . 4 .  

Properties SectioL have membership on the  Review Board. 
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2.4.6.2 Sibsystem/System Interface Control -- 
The Fubsystem/Sptern kterface Control will bz effected by 

coordination between mass paoFerties personnel and prcblem area 

cognizast engiineets (MU, TRW and Contractors). 

2.4.7 Corrective and Improvement Action - 
The mass properties corrective and qhprovement activities 

shall include but not be limited to the following. 

Cooxdiotte, relriew, m l y z e ,  and document a mass properties 

cuntrol statement, Allo-ble contr d weignt objectives shall be alloca;ed 

to each major area of design responsibility. 

Periodic review with NASA Subsystem Managers shall be effected 
.__ -- _- - 

to compare and evaluate the current mass pzopertiee statue with respect 
to allowable weight objectives. 

__I_I____ . --- 

Recommend corrective action if, by evaluation, i t  is determined that 
~ .- - 

a degiadati.oc :.I mass Fropertke status in retation to &e -I oxectivts ___I_----- exists,._ --_------- 
appears to be imminent cr &at the limitiag design conditions have been ---- --____--_I_ I - 

encroached lipan. 
with other critical parameter responsible engineers, technical area reaponsi- 
ble enginezrs, .QsS,Qp and ASP0 Program &Management. 

=axe or subsystem design change wi l l  be under the cognizance of the scb- 

ny stem engineers - 

The zecommended corrective action ahal l  be cGordinated 
---I_-------_ ~ 

-- ---__ - __ ---_ 
Zualuztion of hard- --- ----_--___ 

1_- -I-_ ___ - -- -- -- 

2.5 ASSESSMENT OF €XBTNC PR.GGRAM CAPABILXTIES 

2.5.1 Adequacy of Controls 

The existing NASA/&MSC mass properties progran as defined by 

References A through D (Table 2.1)  is adeqsate when totally implemented, 

There is GO realistic bazis whch enahles TRW to evaluate the con- 
tractors marrs properties control program. 

The current maas propetties s t a t u s  indicates a potential overweight 

condition ir- the. overail Spacecraft. 

2.5 .2  Mcdifications Required - 
Preparation ani implementatlor- of 2 Control ~ S S  Prop:trties 

RCguitemCcOB Document, The docuinent obculd be rimihtr to the 
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NASP-!Meadgaarter 5 Specification SE-067.000- 1 "Apollo Program Contrel 

Weights Reqdirernents," dcted 16 September 1964 but should include weight 

and ceriter of gravity control data in addition to weight data. 

2.6 PROGRAM LIMPLEMENTATION (Tables 2-2 and 2-3) 

2 . 6 . 1  Initial Objectives 
----.-_--_I_ 

- 
Initial objjt .tives are to: 

e 

e 

To complete implementation of all noted subtasks. 

All major subtasks noted in Section 2 . 4  have been initiated. 

2 . 6 . 2  Budget Requirements 

Initial Imgiementation - Completed 

2.6.2.1 Sustaining Effort 

The manpower is listed by subtask paragraph number as follows: 

Section 2.4 UAit IrRanpower Total Manpower 
Item No. Man-Months/MOntb Tirce Period Maa- Months .. 

1 

2 

3 

4 

5 
6 

7 

8 
9 

10 

11 

12 

!3  

TOTAL 

Summary: 

0. 4 

0.4 

3.4 

0. 7 

0.4 

0. 4 

0.4 

9.7 
0.2  

0. 1 

0 . 2  

0.4 

0. 3 

5. 0 

9-65 t h r ~  7-66 
3-55 thm 7-66 
10-65 t h r ~  7-66 
10-65 thp~  7-64 

9-05 t h r ~  7-66 
10-65 thri 7-66 
10-65 thru 7-66 
10-65 t f i r ~  7-66  

20-6s thru 7-66 

13-65 thaw 7-66 

10-65 thm 7-65 

5-65 &PU 7-46 

9-65 thra 7-56 

7- AbTAL 

4.4 

#. 4 

4.0 

7. 0 

4. e 
4.0 

4. 0 

7. 0 

2 . 0  

1. 0 

2 . 0  

4.4 

3. 3 

s1.9 

9 / 6 5  Requirements = I .  9 Kan-Months/Mosth ~ -_ - . 

10/6S - 7 / 6 6  Requirements = 5.  3 Man-.Months/Mtlntfi 
-_.__----- . _- 
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2 . 7  SUMMARY OF PROGRAM EENEFITS 

NASAIMSC, a s  t k  Syrsicm Engineering and Technical Directior, 

Center for the Afsollo -- Siacecraft Program, is responsible for overall -- Mass 
Progerty Control. 

- 

In order to provide NASA Management with mass properties data, it 

is necessary *&at certain controls and documents be developed iind main- 

a i r e d  on a contkdng b s i s  throitghout the design and launch phases. The 

NASA/hSC M a s s  P r c p r t i e s  personnel are responsible for directing con- 
tractors efforts. receii ing, monitoring and evaluating mass properties 

reporting, establishing weight budget allocations, approving design weight 
changes, resolving system interface weight problems-aad evaluating mis- 

sion performance capabili:y, effects on mass pkoperties parameters and 
- 

changes hereto. 

The TRW Mass 
document will assure 

Properties support program as presented- in this 
the fulfi l lmat of NASA/MSC program objectives. 
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Table 2- 3. Program Implementation 

Mass Properties 

Period sf performance 
10 month in dete-g - 

level of MTS 

Totals Requir ad 
M T S  50.0 Mas Months 
EandL 1O.a 
D a n d D  -- 
C and S 15.6 

Total 75.0  MLan Months 
t I I I I 

Implernenta t -an 

i Comple ted) 
Sustaining 

1. 

2. 

3. 

4, 

5. 

6. 
7. 

8. 

9. 
10. 

i l .  

12. 

13. 

0 = 4  8 12 16 20 

- Time -From Go-Ahead (Months) 
Time From C-Ahead (Months) 

0 mi 
Mass Properties Control Inputs 

Mass ProF,r’iies - CFE Control 

Perfarmaace Analysi3 Reports 

Prepare Tab R u n  
Prediction Analysis 
Subs yr tern Eva iua tion 

Subsyetem Evaluation Reports 
Data System Tradeoff Studies 
Inputs to Critical Parameter2 
Reports 
Inputs to Fiual Actior, Report 
Program Coordination 

Informal Support 

Inputs 
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